In fifty years, laser technology has made great progress, and its many applications make it essential in everyday life. However, this technology is still open to numerous developments. Across multiple applications, there is particular focus in the field of medicine, for diagnosis for tailored therapies, and as a research tool in biology. Whereas its use is now well-demonstrated in ophthalmologic and dermatologic treatments, and surgery, one of the most fascinating aspects of laser technology in the field of biology emerged in the late 1990s with the development of devices able to perform fine dissections of biological tissues using a laser beam. The so-called laser-associated microdissection offers a rapid, precise method of isolating and removing targeted cells or groups of cells from complex biological tissues. It represents the missing link between clinical observations and the intrinsic physiological mechanisms of biological tissues. The molecular examination of pathologically altered cells and tissues for DNA, RNA, and protein expression has revolutionized research and diagnosis in pathology, enabling assessment of the role of the cell type in the normal physiological or disease process. Alongside conventional diagnostic and therapeutic approaches, another field of application contribute to the development of targeted treatments at the nanoscale level of laser technology, mainly in the field of cancer, leading to design new and innovative strategies in drug delivery and image-guided surgery. Most of these approaches, but although not exhaustively, will be presented here.
Introduction
Laser-Light Amplified Stimulated Emission Radiation, unlike a standard light beam, is a source of monochromatic, coherent and unidirectional light. Lasers are installed widespread in everyday life across multiple numerous applications: CD and DVD, barcode scanners, entertainment, welding or cutting in industry, aid to fire control or alignment of roads and tunnels. In the medical field, lasers are diagnostic and therapeutic instruments that offer a whole range of solutions. The laser which enables for greater surgical precision is less invasive and promotes healing time or cure. This technique is generally much less traumatic than traditional surgical techniques. The first use of lasers in medicine was to damage the retina to understand ocular injury due to accidental exposure [1] . Since the first ruby laser, several devices have been improved placing ophthalmology at the forefront of medical specialties using this technology. The laser has also many applications in the field of biology. Researchers take the technology to its limits by playing on two main parameters, the short laser pulses-to the femtosecond-, and energy beams. Since then, pulsed lasers have become increasingly popular for their ability to ablate biological tissue. For patient diagnosis and experimental studies, biological tissue can be either analyzed under a microscope after immuno-histostaining or crushed for further molecular analysis. Laser-Assisted microdissection (LAM) provides a valuable link between these two approaches. It gives new insights into cellular mechanisms, genetic disorders, tumor biomarker identification patient-tailored therapy. The development of light-absorbing nanoparticles that are nontoxic to biological tissue has provided further potential for a more targeted delivery of heat with minimal damage to healthy tissue. At an appropriate wavelength, exposure of a nanoparticle to a laser can trigger a photothermal effect in the particle whereby electronic oscillations at the particle surface are converted to heat [2] .
Lasers in Medicine

Laser in Ophthalmology
Its advantages have been demonstrated in the treatment of myopia and cataract where they enable patients with visual impairment to regain a clear vision and forget the stress of wearing glasses or contact lenses [3] .
Lasers in Dermatology
Treatment of vascular lesions such as angiomas, telangiectasias, spider naevi, treatment of pigmented lesions (brown spots, naevus of ota, freckles) and tattoo or hair removal targeting the melanin stored in the hair follicles in order to destroy the hair matrix to enable permanent hair removal [4] . [8] . The laser Krypton has applications close to those of argon and is useful to restrict bleeding [9] .
• The CO 2 laser belongs to the gas lasers. It is the excitement of the gas that produces a laser beam. This radiation is located in the invisible range (infrared laser to 1060 nm). The effects of this type of laser will vary depending on their use. It has ablative properties that are essential biological effects for instance a volatilization effect of the surface of the epidermis and a thermal effect able of shortening the collagen fibers (tightening effect on the skin). These properties are used to treat acne scars type, healing [10] and to obtain a rejuvenating effect on the face [11] [12] . The CO 2 laser seems most useful in ophthalmology to vaporize lymphangioma and capillary haemangioma and to provide hemostasis in patients with bleeding disorders [13] . Although CO 2 lasers have been available for some time, they are now back on the dermatological field with the possibility leaving healthy areas of skin between impacts, which enable a very fast recovery and shorter healing time [14] . The efficacy and safety of fractional CO 2 laser has also been evaluated in eyelid tightening and periorbital wrinkles [15] . CO 2 lasers produce smoke. They require more stringent precautions than in the use of other lasers. In addition, CO 2 lasers may require stronger anesthetic methods than for other lasers. The prolonged recovery time and risk of potential side effects make them less attractive alternative treatments [16] .
Liquid Dye Lasers
Dye lasers produce their light radiation by stimulating a liquid dye. They are mostly "tunable" between 550 and 590 nm. Their light is visible. Dye lasers are often used in vascular indications: treatment of angiomas in children and infants, treatment of spider naevi, treatment of rosacea [17] [18] . Less frequently, this type of laser is used in other diseases such as psoriasis where it is effective against new lesions [19] [20].
Solid-State Lasers
The medium is a crystal (ruby, sapphire titanium ...), glass (Neodymium glass...) or ceramic. In a non-exhaustive list, there are also laser diodes, such as those found in the CD.
• Alexandrite laser The alexandrite laser is based on the production of light using a crystal of alexandrite. The light is calibrated to a specific wavelength of 755 nanometers (deep red). This wavelength is strongly absorbed by the melanin in the skin and in particular that of the hair. It is this property that is used to heat the hair and help to destroy it [21] [22]. Laser hair removal of the eyebrows can lead to ocular damage and should be avoided [23] .
• YAG lasers These are Yttrium Aluminum Garnet-YAG lasers producing very short exposure times of the order of the nanosecond. These particular lasers are indicated for the treatment of age spots and tattoos ablations. − The Neodymium-doped YAG (Nd:YAG) laser is calibrated on a wavelength of 1064 nanometers, in the infra-red range. The Nd:YAG laser is relatively versatile, with the ability to penetrate deep into the skin. It enables aesthetic treatment of superficial veins of the skin, acne, rosacea, warts, birthmarks. These lasers also have photorejuvenation properties [24] [25]. − Erbium-doped YAG (Er:YAG) lasers are closed to CO 2 lasers, particularly for their abrasive properties. The light generated has a wavelength of 2940 nm. They are used in photo rejuvenation, resurfacing, acne, scars, warts and also dentistry presenting a wavelength affinity with water (absorption peak = 3000 nm). This enables efficient ablation of hard dental tissues without the risk of micro-and macro-fractures [26] [27]. The Er:YAG laser is used for ablation of the epithelium on the non-pigmented skin of the eyelid in preparation for melanocyte transplantation in the treatment of segmental eyelid vitiligo [28] . − The Potassium Titanyl Phosphate (KTP) laser is also a subclass of YAG laser. It is a Nd:YAG laser where a crystal possessing the property of dividing the wavelength by 2 is added. The KTP laser then emits light at a 532 nanometers wavelength (yellow green). The mechanism of KTP laser ablation remains unclear, but successful laser treatment of both vascular and non-vascular lesions has been described [29] . It is primarily used for vascular treatment and also has indications in the treatment of superficial pigmented lesions, pregnancy mask (melasma), dermatitis ocher, some pigmentation related to drugs, certain types of scarring or ulcers [30] . − The laser diode is based on the production of light by an electronic component called a diode. There are several types of diodes with different wavelengths between 800 and 900 nm (infrared). Diode lasers are most often used in hair removal and aesthetic vascular treatments applications [31] [32]. The laser diode is an effective treatment for patients with glaucoma [33] .
The Effects of Lasers on Biological Tissues
After the text edit has been completed, the paper is ready for the template. Duplicate the template file by using the Save As command, and use the naming convention prescribed by your journal for the name of your paper. In this newly created file, highlight all of the contents and import your prepared text file. You are now ready to style your paper.
Thermal Effects
The laser on biological tissue results from the conversion of light to heat, heat transfer and a tissue reaction to the temperature and the duration of the heating [34] . This interaction leads to distortion or the destruction of a tissue volume. Depending on the degree to which time is heated, and the heating time, the thermal effect of the laser produces coagulation necrosis as in the treatment of angiomas with Nd:YAG laser, or volatilization as in the treatment of skin lesions with CO 2 laser.
Mechanical Effects
They are obtained with lasers emitting extremely short pulses, in the nanosecond to picosecond range on very small surfaces, which causes a destructive shock wave mainly induced by the mechanism of explosive vaporization of the target as used to treat haemangiomas [35] . In this case, the vessels of the angioma explode, which explains the vessel wall rupture, and hemorrhage. This is also what happens during a tattoo removal when large fragments of pigment explode and give birth to smaller fragments.
Photo-Ablation
An effect that requires high-energy photons (wavelength less than 300 nm), with extremely short pulses (10 ns to 100 ns). It induces a clean ablation of tissue without thermal lesions. Photo-ablation is the most recent light−tissue interaction to be exploited clinically. It is used to treat corneal pathologies such as ulcers and scars, and its use in keratorefractive surgery has become a rapidly evolving field [36] . The operation is performed under local anesthesia (using topical drops). The first step of the procedure involves cutting a corneal flap surface (90 to 180 micrometers). Until the early 2000s, the most common way of cutting the corneal flap was the use of a microkeratome, a miniaturized and highly sophisticated mechanical device. This first very delicate cutting phase is now done by a laser, the femtosecond laser. The cutting of the corneal flap is achieved in about ten seconds, and then the refractive sculpture is carried out using an excimer laser. Excimer lasers are powered by a chemical reaction involving an excited dimer, or excimer, which is a short-lived dimeric or heterodimeric molecule formed from two atoms, at least one of which is in an excited electronic state. They typically produce ultraviolet light, and are used in LASIK (laser in situ keratomileusis) eye surgery (see video: http://www.ophtalmologie.fr/operation-myopie-video-lasik.html). Commonly used excimer molecules include fluorine (emitting at 157 nm) and noble gas compounds (Argon-193 nm, Krypton-222 nm, etc.). The femtosecond laser is the new scalpel for biologists. Since 2000, they have gradually become familiar with this tool, which opens up great prospects in life sciences [37] .
Photochemical Effects
They are obtained with lasers emitting extremely short pulses, in the nanosecond to picosecond range on very small surfaces, which causes a destructive shock wave mainly induced by the mechanism of explosive vaporization of the target as used to treat haemangiomas [38] . In this case, the vessels of the angioma explode, which explains the vessel wall rupture, and hemorrhage. This is also what happens during a tattoo removal when large fragments of pigment explode and give birth to smaller fragments.
Applications to Biological Tissues
The lasers used in biology have a wavelength located either in the infrared range or in the ultra-violet range; they operate in continuous or pulse mode. The high power density and the precise location of the laser beam suits its application to the cutting of biological tissue. The high concentration of photons will destroy existing chemical bridges in the tissues.
Laser-Assisted Microdissection
Laser-assisted microdissection (LAM) is a well-established technology in molecular pathology, cell biology and oncology studies, where very small tissue samples must be isolated from the surrounding material in order to perform an analysis without risk of contamination. LAM overcomes the problem of the cellular heterogeneity that characterizes tissues. It aims to recover a target cluster of cells, or a single cell precisely selected under microscope guidance, from a complex tissue section (frozen or fixed by prior paraffin-embedding) for subsequent molecular analysis [39] [40] (Figure 1) . With the advent of PCR (Polymerase Chain Reactions) techniques, a technique for million-fold amplification of a single DNA molecule, microdissection enables a molecular approach of biological tissues, but with the certainty of having a highly purified cellular material for the molecular studies. Over the past 15 years, this technique for isolating specific cells from a sample responds to the need for miniaturization of analytical techniques applicable to very small cell numbers. LAM devices have gradually become more user-friendly. A laser microdissector is composed of a microscope (upright or inverted) coupled to a laser beam (wavelength in the IR-infrared and/or UV-ultraviolet range) which operates under the control of a computer program. The development of this approach using a laser beam has greatly increased the precision and effectiveness of biological material collection (Figure 2) . Four laser-assisted microdissection systems are currently available, based on different operating principles (for review see Legrès et al. [41] ).
• The LCM system (for Laser Capture Microdissection, PIXCEL II ® , and more recently the VERITAS™ system, both from Arcturus Engineering and now under the label of Life Technologies), was originally conceived and developed in 1996 as a research tool at the National Institutes of Health [42] .
• The LMPC system (for Laser Microdissection and Pressure Catapulting) (3D-PALM Microlaser Technologies, Carl Zeiss MicroImaging Technologies, Munich, Germany) associates an inverted microscope with an ultraviolet laser (UV-A pulsed, wave length 335 nm) [43] .
• The LMD system (Leica Microsystems) is close to the LMPC system [44] . In this system, unlike the others, the tissue section remains stationary on the microscope and the UV laser beam moves over it when cutting.
• The MMI Caplift technology, called MMiCellcut ® operates with a UV laser (wave length 335 nm) on an inverted microscope [45] . For the LCM device, precise IR capture solid-state laser, near-IR (810 nm) and a basic cutting solid-state diode-pumped UV Laser (355 nm) are used separately in one single instrument. However, UV solid-state lasers (355 nm) are commonly used in each device. For the LMPC device, a gas laser operating in the ultraviolet range is used with molecular nitrogen as its gain medium, pumped by an electrical discharge. The LMD microsys- tem works with a diode-pumped solid-state UV laser. The MMI CellCut system dissects the areas of interest with an ultra-precise solid-state diode-pumped YAG Laser. The MMI CellManipulator uses a Nd:YAG infrared laser with a wavelength of 1064 nm.
Neoplasia is the main field of application of this technique for selecting tissue, but other fields have gradually opened up to these new methodological approaches, for instance for micro-dissecting living cells from a cell culture with the possibility of re-culturing the isolated cells [46] .
De Spiegelaere W et al. used this technique for the isolation of small tissue fractions from developing embryos [47] . Sethi et al. have described its usefulness in a case of renal amyloidosis in native and kidney transplant biopsies [48] . LAM will enable the establishment of "genetic fingerprints" of specific pathological lesions. Thus, from cell fragments, one of the most common applications of LAM has been the search for loss of heterozygosity (LOH) in malignant tumors. Bertheau et al. showed that at least one-third of cases of LOH occuring in breast tumors remain clearly undiagnosed if the tissue has not been microdissected [49] . Cytogenetic studies, enabling analysis of the complex chromosome rearrangements that have been frequently detected in many malignancies and congenital diseases are also greatly facilitated by microdissection [50] . Proteomic analysis in tissue samples imposes certain rules in experimental protocols used for tissue processing [51] . In addition to the identification of new diagnostic and prognostic markers, this approach could help in establishing individualized treatments tailored to the molecular profile of a tumor [52] . This approach is even more powerful when it is combined with immuno-cytochemical staining using specific antibodies to label the cells of interest.
The value of LAM in forensic science cannot be underestimated [53] . DNA analysis has become the prime tool for identification of the source of biological traces [54] . Most reports focus on the use of LAM to isolate a single sperm from a vaginal smear for genetic analysis in the investigation of sexual assault, the first application described by Elliott et al. [55] . An even more challenging situation occurs when cells of a victim are much more abundant than the cells of the perpetrator. DNA analysis then becomes a crucial tool in suspect identification.
The Optical Tweezers
Laser tweezers, often known as optical tweezers or optical traps, enable the capture and micromanipulation of microscopic particles along the three axes using the radiation pressure generated by a focused laser beam [56] [57]. The lasers used to produce optical tweezers are continuous low power lasers (0.1 to 1 Watt). The choice of wavelength between 950 and 1060 nm can reduce the risk of thermal or photochemical damage. In biological applications of optical trapping and manipulation, it is possible to remotely apply controlled forces able to catch a cell or a cellular organelle, to fix it or transport it to another cell site without inflicting optical damage [58] [59]. The optical tweezers were used to study the elasticity of the red cell membrane and to better understand how the absence or abnormality of membrane proteins could lead to a permanent deformation of these cells that could lead to promote its premature destruction [60] . One of the most useful applications has been shown to be the measure of the forces generated by kinesin and myosin, thus resolving the issue of the mechanism of kinesin walking on the submicron microtubules, or myosin on actin strands of the cytoskeleton [61] . In a breakthrough experiment, the force generated by RNA polymerase was directly measured as it moved along a DNA molecule and transcribed an RNA strand [62] .
The Laser Ablation
Another field is being explored using laser ablation processes in developmental biology. In this case, the aim is not the isolation of a part of the tissue but the alteration of the tissue itself. The idea is to alter a biological structure by mean of a laser, generally a pulsed laser. A series of high-precision laser ablation and microsurgical tissue removal experiments has been undertaken to test the functions of different parts of a biological system [ Figure 3] . The selective removal of cells by ablation is a powerful tool in the study of eukaryotic development- tal biology, providing considerable information about their origin, outcome, or function in the developing organism. Most of the studies are about morphological changes induced by the ablation, for example in Drosophila [63] . These can be an infrared pulsed laser or an UV or blue pulsed laser. This kind of experiment can be performed on any laser scanning microscope but several dedicated setups are available, such as iLas 2 from Roper Scientific [ Figure 4 ], a device that provides researchers with the ability to manage and modify the position and focalization of laser light in real time, or Micropoint from ANDOR.
The Use in Imagery
Lasers are also used as high-resolution optoacoustic imaging modalities with great versatility in their applications, such as photoacoustic imaging (PAI), Optical Coherence Tomography (OCT) or Surface-Enhanced Raman Scattering (SERS).
• Photo-acoustic imaging is a non-invasive method. To obtain a photoacoustic effect, a short laser pulse irradiates a tissue. The energy is partially absorbed by the target and converted into heat, which generates a local transient temperature rise, followed by a local pressure rise through thermo-elastic expansion which propagate as ultrasonic waves, termed PA waves. These waves are detected by ultrasonic transducers placed outside the tissue [64] . An image is formed by determining the origins of the ultrasonic waves from their arrival times, thus essentially listening to the optical absorption contrasts of tissues. Because the intensity of a photoacoustic signal in biological tissue is proportional to optical energy absorption, which is proportional to the amount of the contrast agent [65] , exogenous contrast agents are frequently needed to provide a better signal for photoacoustic imaging. Photo-acoustic imaging uses the intrinsic chromophore, which has an optical absorption signature, as long as appropriate irradiation wavelengths are applied. It is used for example for haemoglobin [66] , melanin [67] , water [68] or lipid [69] .
Exogenous contrast agents such as optically absorptive organic dyes (indocyanine green, Evans blue, methylene blue) or nanoparticles can enhance detection with PAI. Here gold nanoparticles have the advantage that their plasmonic properties can be used for photothermal therapy [70] . Plasmonic photothermal therapy using gold nanoparticles was described in 2004 by O'Neal et al. In this study, tumour subcutaneously xenografted in mice was intravenously injected with gold nanoshells. The tumours were then illuminated with a diode laser (808 nm, 4 W/cm 2 , 3 min). All mice with treated tumours appeared healthy and tumour free more than 90 days later [71] . Laser thermal therapy with doxorubicin-loaded hollow gold nanoshells was recently used in a xenografted mouse model. Fluorescence optical imaging was used to map the release of doxorubicin and photoacoustic imaging to monitor the tumour temperature achieved during near-infrared laser-induced photothermal heating [72] .
• Optical Coherence Tomography (OCT) Optical Coherence Tomography is non-invasive and the use of near-infrared light (Near-IR) enables cross-sectional images of tissues (epidermis, retina, retinal nerve fiber layer, coronary arteries, etc.) to be generated. Near-IR excitation radiation is particularly useful in biomedical studies because it enables greater penetration depths in tissues (1 -2 mm) and a good resolution (approximately 1 -10 micrometers) while causing less fluorescence background relative to visible radiation. The OCT system is composed of a light source (ultra-short pulsed laser, super continuum laser or super luminescent diode), an interferometer, and a microscope that delivers light and collects reflection from the tissues analyzed. OCT is a technique for imaging tissues and cells in living organisms and is a diagnostic method that is widely used in cardiology [73] , ophthalmology [74] , dermatology [75] , and also in other medical domains such as dentistry [76] .
• Surface-enhanced Raman scattering (SERS) spectroscopy is a plasmonics-based spectroscopic technique that combines laser spectroscopy with the unique optical properties of metallic nanostructures, resulting in strongly increased Raman signals when molecules are adsorbed on or near nanometer-sized structures of special metals such as gold and silver [77] . Plasmonic gold nanoparticles are used as probes for SERS imaging with different shape (nanoflowers, nanostars, nanorods, nanoshells or nanocages) and could constitute a new opening for clinical imaging.
Conclusions
In medicine, the energy delivered by the laser, whose intensity can be modulated, can cut, destroy or alter the cellular or extracellular structure of biological tissue. In addition, laser applications have the advantage of reducing the risk of infection and promoting healing. Now integrated in surgical procedures, for a better focus and precise cutting, laser surgery is not however without risks for pregnancy or contra-indications for the use of photosensitizing drug. In biology, the complexity of tissue makes the results of "classic" biological analyses often difficult to interpret. The laser is an effective tool for destroying cancer cells. However, high power lasers act indiscriminately and thus destroy cancer cells but also the surrounding tissue. This property is a crucial tool in the laser microdissection technique when you want to conduct molecular analysis in a region of interest with the ability to selectively destroy contaminating cells. Indeed, the aim of this technology is to overcome the cellular heterogeneity present in all biological tissues and to facilitate its study on a well-defined cell population. In this sense, laser microdissection has greatly contributed to the evolution of research to understand physiological mechanisms which can now be clearly demonstrated on the level of a specific cell population, and even on the level of the single cell.
It is now well known that functional tissue engineering is a major factor in the biology of development [78] . What happens if you cut an actin fiber network during a cell division? Is a drosophila embryo stable if you kill a cell during the folding process [79] ? What are the parameters involved in the meristematic zone of a developing plant [80] ? All these questions are addressed using lasers.
A variety of nanostructures have emerged possessing properties suitable for a range of biological applications. Important classes of nanostructures include quantum dots, such as tiny light-emitting particles on the nanometer scale, useful for highly sensitive cellular imaging [81] [82], magnetic nanoparticules used for clinical applications [83] [84] , polymeric particules to encapsulated therapeutic molecules and metallic nanoparticules. The development of nanotechnologies has revolutionized the mode of drug administration. The design of nanoparticle suspensions loaded with drugs can increase the therapeutic index of many compounds (increased solubility, improved efficiency, reduced toxicity) by selectively targeting diseased tissues and cells. They enable the delivery of the active molecule, but also controlled release of the active ingredient in response to an external stimulus [85] . Nanotheranostic is a further experimental approach that gives dual functionality to the nanoparticles, coupling a drug, the therapy, and an imaging agent, the diagnostic vector, and this opens the way to tailored-patient treatments. This has been demonstrated in vivo by Huang et al. [86] .
The use of lasers in medicine and biology has demonstrated its interest through innovative advanced technol-ogies such as laser microdissection and/or photoablation which at different levels of expression enable understanding of the physiological mechanisms in the evolution of a disease. The results will help establish better diagnosis and treatments tailored to each patient, as well as the development of nanotechnology in close connection with the technological advances in the field of imaging which will help not only in diagnosis but also in the possible application of minimally invasive treatment protocols. Nanomedicine is a promising new form of medication for the treatment of certain cancers, infectious diseases or for diagnosis. 
